Little is known about the epidemiology of malignant digestive endocrine tumours. The aim of this study was to report on their incidence and management in a well defined population. Methods: Data were obtained from the population based Digestive Cancer Registry of Burgundy (France) over a 24 year period. Incidence rates were calculated by sex, age groups, and period of diagnosis. Treatment and stage at diagnosis were also investigated. Prognosis was determined using crude and relative survival rates. A multivariate relative survival analysis was performed. Results: Between 1976 and 1999, 229 cases were recorded. Age standardised incidence rates were 0.76/100 000 for men and 0.50/100 000 for women. They increased over time in both sexes. The resectability rate was 74.1%. Among recorded cases, 26.6% did not extend beyond the organ, 20% had lymph node metastases, and 53.3% had visceral metastases or were unresectable. There was no improvement in the resection rate or in the stage at diagnosis over the study period. The overall relative survival rate was 66.9% at one year, 50.4% at five years, and 40.6% at 10 years. Stage at diagnosis, age at diagnosis, and subsite were independent significant prognostic factors.
M alignant digestive endocrine tumours (MDET) have received little attention from epidemiologists. Information on their incidence is limited. This may be due to the fact that it is a rare condition and that the heterogeneity of this group of cancers arising from diverse sites have limited the study of their epidemiological characteristics. Moreover, increasing clinical and biological knowledge has led to a change in classification over time that makes studies difficult. The new histological typing of endocrine cancers of the International Histological Classification of Tumours 1 pool digestive carcinoids and pancreatic endocrine tumours and separate them from endocrine-exocrine cancers and endocrine cancers developed within the limits of family pathology (multiple endocrine neoplasia type I and Recklinghausen syndrome). Because of the rarity of MDET, there is also a paucity of reports on their management and prognosis. Furthermore, available data are provided by specialised centres and as such cannot be used as reference because of unavoidable selection bias. Population based studies recording all cases in a well defined population represent the only way to assess the epidemiological characteristics and management of these cancers. Such studies are rare because they require accurate and detailed data collection which is seldom done systematically in cancer registries. Thus the objective of this study was to report the incidence, treatment, stage at diagnosis, and prognosis of MDET in a well defined French population.
PATIENTS AND METHODS

Patients
A population based cancer registry records all digestive tract cancers in the resident population of two administrative areas in Burgundy, France. These areas have a population of 1 050 000 according to the 1999 census. Cancer registration began in 1976 in one area, and in 1982 in the other. Information is actively collected by the cancer registry staff from multiple sources: pathology laboratories, university hospitals, local hospitals, private surgeons, oncologists and gastroenterologists, general practitioners, and monthly reviews of death certificates. Patients treated outside the area are identified through the National Health Service. The quality and completeness of the registry is certified every four years by an audit of the National Institute for Health and Medical Research and of the National Public Health Institute.
Because of the involvement of the entire medical profession, we assumed that nearly all newly diagnosed cases were recorded. All registered cancers with malignant endocrine morphology according to the International Classification of Diseases for oncology (ICD-O 2) were included 2 : neuroendocrine carcinoma (8246/3), insulinoma (8151/3), gastrinoma (8153/3), vipoma (8155/3), glucagonoma (8152/3), carcinoid (8240/3), and pancreatic insular carcinoma (8150/3). Pathology reports were reviewed in order to classify tumours according to the WHO classification. 1 Tumours showed signs of malignancy invasion of contiguous structures or documented metastasis in 75% of cases. In the others cases, following the WHO recommendation, 1 gut tumours had to be invading the muscularis propria or beyond and to be more than 1 cm in diameter in the small intestine and in the large bowel. Pancreatic tumours had to be more than 3 cm in diameter to be being classified as MDET. The Ki67 proliferation index was not available for the oldest records.
Patients were divided into three age groups: 41.1% were ,65 years, 31.7% were 65-74 years, and 27.2% were >75 years. Cancer site was classified according to the ICD-O 2 classification. 2 Cancer extension at the time of diagnosis was classified following the TNM classification. 3 Three stages were specified: stage I, resected cancers without lymph node or visceral metastasis (T2-4 N0 M0 for small and large bowel localisation, T2-T3 N0 M0 for pancreatic localisation); stage II, resected cancers with lymph node metastasis (N1-2 M0); stage III, cancers with visceral metastasis (M1) and/or locoregional extension making a complete surgical resection impossible. Surgical treatment was classified as: resection for cure (macroscopic resection of all malignant tissue and no microscopic evidence of surgical marginal spread (n = 127)), palliative resection (n = 44), bypass, or exploratory laparotomy (n = 30). Medical treatment included chemotherapy (n = 49) and/or radiotherapy (n = 12). Survival of patients was ascertained from death certificates, registrar of the place of residence, or from practitioners. Life status was known for 228 patients (99.5%) in January 2002.
Methods
The population data used for calculating incidence rates were based on population estimates by interpolation of the results of the four censuses (1975, 1982, 1990, 1999) . Incidence rates were calculated by sex, age, and period of diagnosis. For the purpose of comparison with other countries, rates have been standardised by the direct method using the world standard population. Standard deviations were computed. Time trends in incidence were analysed using four five year periods from 1976 to 1995 and one four year period (1996) (1997) (1998) (1999) . Time trends in incidence by sex were assessed using a Poisson regression. The association between categorical data was analysed using the x 2 test. To study trends in MDET management and prognosis, two periods were defined: 1976-1987 and 1988-1999. Crude survival rates were calculated using the life table method. Survival curves were compared using the log rank test. Relative survival rates were also calculated, these being defined as the ratio of the observed survival rate in the cancer patients under study to the expected survival rate in a population of similar sex and age distribution, subject only to the mortality rates of the general population. It reflects the excess mortality in the cancer patient group relative to the background mortality. Relative survival rates were computed using the RELSURV program. 4 A multivariate survival analysis was performed using a relative survival model with proportional hazard applied to the net survival by interval. The significance of the covariates was tested by the likelihood ratio test.
RESULTS
All gut carcinomas were well differentiated. Previously they corresponded to malignant carcinoids. Among pancreatic tumours, 86.0% were non-secreting carcinomas and 14% were well differentiated functioning endocrine. Our series did not contain any small cell tumours.
Incidence by sex, age, and period of diagnosis
The 229 endocrine carcinomas represented 0.8% of digestive cancers in men and 1.1% in women. Mean ages at diagnosis were, respectively, 67.0 (SD 3.1) years and 64.8 (SD 2.3) years (p = 0.38). The overall crude annual incidence rate was 1.15 per 100 000 for men (SD 0.10) and 0.91 per 100 000 for women (SD 0.09). The corresponding age standardised incidence rates were, respectively, 0.76 (SD 0.07) and 0.50 (SD 0.06) per 100 000. The sex ratio calculated on age standardised rates was 1.5. Figure 1 shows the age specific incidence curves of MDET in men and women. MDET incidence rates were low and similar in both sexes before the age of 40 years. Thereafter the incidence rates increased more rapidly in men than in women until 75 years in men and 65 years in women. Then the incidence rates dropped in the oldest age groups. Overall, 27.3% of cases were diagnosed after the age of 74 years. Figure 2 shows trends over time in age standardised incidence rates by five year periods in men and women. Among men, incidence rates of MDET decreased slightly between the first and second study period (p = 0.89) and then increased throughout the last three study periods. In women, incidence rates increased progressively over time more rapidly than in men. However, the increase in incidence rates was significant in women and men (p,0.001). During the first study period, age standardised incidence rates were 0.68/100 000 in men (SD 0.24) and 0.20/100 000 in women (SD 0.14). During the last study period they were, respectively, 1.01 (SD 0.18) and 0.90 (SD 0.17)/100 000.
Incidence by site
Among the 229 MDET, the small bowel was the most common site (38.9% of cases), preceding large bowel localisations (27.1%) and pancreatic localisations (20.5%). The other sites were much less frequent: stomach (6.1%), gall bladder (2.2%), liver (1.8%), oesophagus (0.4%), peritoneum (0.4%), and digestive localisation not otherwise stated (2.6%). Appendix malignant endocrine tumours represented 8.1% of large bowel localisations. Age standardised incidence rates by site and sex are given in table 1. There was a slight predominance in men for all sites. The sex ratio was slightly lower for small bowel localisations than for other sites. MDET represented 28.2% of small bowel carcinomas, 0.04% of large bowel carcinomas, and 1.7% of pancreatic carcinomas. There was no significant change in the distribution of MDET sites over time. When comparing the first and second study periods, the proportion of small bowel localisations was, respectively, 47.3% and 36.2%, of large bowel localisations 21.8% and 28.7%, and of pancreatic localisations 20.0% and 20.7% (p = 0.49). 6 1976 1980 19811985 1986 1990 19911995 1996 1999 Incidence rates Figure 2 Age standardised incidence rates of malignant digestive endocrine tumours by sex and period.
Treatment and stage at diagnosis Resection for cure was performed in 54.5% of cases, palliative resection in 19.6%, and exploratory laparotomy or bypass in 13.4%. Overall, 12.5% of cases had no surgery. The proportion of resection for cure was 52.5% in men and 56.7% in women (p = 0.271). It was 50.0% in patients less than 65 years old, 54.9% in the 65-74 year age group, and 60.7% in those 75 years and over (p = 0.159). The rate of resection for cure varied with site of the tumour: it was higher for the large bowel (63.1%) and small bowel (62.9%) localisations than for pancreatic localisations (38.3%) (p,0.001). There was no significant variation in terms of treatment over time (table 2) . The proportion of patients resected for cure was 61.8% during the 1976-87 period and 52.1% during the 1988-99 period (p = 0.08).
No chemotherapy was performed between 1976 and 1983, and then it was carried out in 22.7% of cases. During the second study period (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , chemotherapy was carried out after resection for cure in 21.9% of cases, after palliative surgery in 58.5% of cases, and among non-surgically treated patients in 19.5% of cases. Radiotherapy was performed in 12 cases.
Most MDET were already at a late stage at the time of diagnosis. Only 26.6% did not extend beyond the organ, 20.1% had lymph node metastases, and 53.3% had visceral metastases or were unresectable. Among metastatic cases, the proportion of patients with hepatic metastases was 59.7%. Among these patients it was the only visceral metastasis localisation in 79.2% of cases. The other main metastatic sites were peritoneal carcinosis (23.2% of cases), lung (3.7%), skin (2.4%), bone (1.2%), and other sites (9.7%). There was no significant change over time in the stage at diagnosis (table 2) .
Survival
Overall five and 10 year observed survival rates were, respectively, 42.7% and 29.3%, and the corresponding relative survival rates were 50.4% and 40.6%. Table 3 shows the one and five year observed and relative survival rates for the studied variables. Period at diagnosis did not significantly influence the prognosis. Survival, both observed and relative (fig 3) , was higher for women than for men. The effect of age was less marked after correction for risk of death other than the illness under study. Survival was related to the MDET site: it was better for MDET of the small intestine than for MDET of other sites. Treatment and stage at diagnosis were the most important determinants of survival. After curative resection, the five year relative survival rate was 72.6%; it was 36.2% in the case of palliative resection and 17.7% in the case of other palliative treatments. Prognosis worsened with advancement of cancer stage. The five year relative survival rate varied from 80.1% in stage I to 35.8% in stage III.
As treatment and stage at diagnosis were closely correlated, they were not included together in the multivariate analysis. We made two successive multivariate survival models, including sex, age, site, period of diagnosis, and treatment in one of them, and stage at diagnosis in the other. The results are quite similar and only the second multivariate model is presented (table 4) . For stage at diagnosis, the relative risk of death was 2.61 for stage II and 4.61 for stage III compared with stage I. Age and site were also significant prognostic factors independent of stage at diagnosis. In particular, large bowel MDET had a worse prognosis than small bowel MDET.
DISCUSSION
The epidemiology of MDET has not yet been clearly defined. This study is important as it is the first to report on the incidence and management of MDET at a population level. Incidence data were previously provided by a hospital based registry, including most diagnosed endocrine tumours in Northern Ireland. 5 However, no distinction between benign and malignant neoplasms was made. Other population based studies have dealt only with carcinoid tumours. [6] [7] [8] [9] [10] [11] Again, no distinction between benign and malignant neoplasms was made in four reports. 6 7 9 10 In two studies, incidence rates of malignant carcinoids were provided using the US standard population. 8 11 Another study comparable with ours, but limited to endocrine tumours of the gut, was performed in the Vaud area (Switzerland). 12 Similar incidence rates were reported in both studies. Poor knowledge on the epidemiology of MDET can be explained by the rarity of these tumours, modifications over time in their histological definition, and by the fact that the definition of malignancy may appear ambiguous. This report indicates that cancer registry data, if precise morphology codes are available, can be used to study the epidemiology of MDET. One of the major problems faced by population based studies is determination of the completeness and reliability of the data. Our data included all cases diagnosed in a well defined French population during the period 1976-99, including untreated cases. All data were collected in a uniform fashion, regardless of the period of time or centre of diagnosis. Because of the multiplicity of information sources, we assume that nearly all newly diagnosed cases of MDET were recorded. Furthermore, information on treatment, stage at diagnosis, and survival were almost exhaustive. This study was therefore carried out without selection bias.
This study confirms that MDET are rare tumours, representing approximately 1% of all digestive cancers. They are characterised by a slight predominance in men. Mean age at diagnosis of MDET was slightly lower than age at diagnosis for other digestive cancers (70.5 years (SD 12.0) in this area). In hospital based statistics, age at diagnosis is generally lower than in our study, suggesting that the oldest patients are rarely seen in specialised centres. Levelling off of incidence rates in the oldest age groups can be attributed to less accurate diagnosis. The current study also showed an increase in incidence over time in both sexes. It is difficult to explain these trends. Improvement in diagnostic strategy or in diagnostic criteria is an improbable explanation for gut lesions. They may have a small effect on pancreatic tumours in relation to the increase in histologically verified cases. Furthermore, change in diagnostic criteria cannot explain the fact that incidence increased more rapidly in women than in men. Aetiological factors probably play a role but, because of the rarity of these tumours, they are not yet known. The small bowel is the most frequently occurring localisation for MDET. The predominance of these sites has already been noted by others. 7 The large bowel and pancreas represent the two other main localisations. MDET of other sites were very rare. If carcinoid tumours of the appendix are relatively common neoplasms, they are usually benign. 13 In more than half a century of practice at the Mayo Clinic, only two deaths related to metastatic appendiceal carcinoids were documented. Metastasis was never seen in patients with tumours less than 2 cm. We confirm the rarity of MDET of the appendix. Only five cases were reported in our series (2.1% of cases).
One interesting aspect of this study was to describe the management of MDET at a community level. It is well accepted that surgical excision of the lesion, when possible, is always preferable. In our population, slightly more than half of the cases were resected for cure. This rate was lower than that related to hospital based series which assess resectability rates varying between 80% and 90%. [14] [15] [16] This discrepancy is not surprising. Hospital data have been provided by specialised units and as such cannot be used as reference because of unavoidable selection bias. A less favourable therapeutic approach has already been reported in community based statistics for others cancers sites. The proportion of patients receiving chemotherapy has increased. It has been proven to have an antitumoral effect on metastases which seem lower in gut tumours than in pancreatic tumours. [17] [18] [19] Nevertheless, the practice of chemotherapy is still relatively limited. It has not yet reached its full development at a population level. There is wide variation in the proportion of advanced cases (metastatic or unresectable cases) in hospital based series. It varied between 35% 20 and 71%. 11 Our study indicates that stage at diagnosis is advanced when considering a general population. On average, 55% of patients had visceral metastases or unresectable tumours at the time of diagnosis. This study also indicated that there was no significant improvement in resection rate or in the stage at diagnosis of patients with MDET over the 24 years of the study, which is disappointing. Changes in diagnostic strategies, with the development of imaging techniques, did not contribute to improvement in the management of MDET.
The development of MDET is thought to be slow. If the prognosis is better than for other digestive cancers, except the large bowel, it is not as good as that suggested by hospital statistics. For example, in a French series of 82 malignant endocrine tumours of the duodenopancreatic area, the five year crude survival rate was 100% in the absence of liver metastasis and 40% in their presence. 16 Population based statistics represent the only way of assessing the real survival rate of MDET patients. The prognosis of MDET not extending beyond the organ is comparable with that of other types of digestive cancers. Mainly, advanced MDET are less aggressive than other digestive cancers. In this situation, aggressive treatments are justified to further improve survival.
It is widely accepted that stage at diagnosis is the major prognosis factor. 21 Complete resection of the lesion, which is strongly correlated with stage at diagnosis, is also an important prognosis factor. 16 MDET of the large bowel appear to behave like aggressive malignant neoplasms. Survival rates of patients with MDET of the large bowel are worse than those of patients with adenocarcinoma of the colon. 11 22 Survival rates similar to ours have been reported by the Connecticut tumour registry. 8 The aggressiveness of these tumours is confirmed by the fact that the large bowel is a prognostic factor, independent of stage at diagnosis. Clinicians must take into account the severity of large bowel MDET. In the absence of improvement over time of stage at diagnosis and of resectability, it is not surprising that no significant improvement in the prognosis of MDET has been achieved over the 24 years of the study. Because of the lateness of symptoms, earlier diagnosis is an objective difficult to achieve. In the short term, more trials are needed to appreciate the benefits of adjuvant or palliative therapy for MDET. New approaches to the treatment of MDET also need to be found. 
